The present paper describes the methodology and results of assessment of seasonal progress of rice stubble burning for 10 major rice growing districts of Haryana state in India. These 10 districts contribute about 84 per cent of total rice area of the state. As the rice fields are immediately required to be vacated for the sowing of next crop the farmers opt for mechanized harvesting and easy way out of burning the stubbles in the field. Such burning result in release of polluting gases and aerosols. Besides, the heating of the soil kills the useful micro-flora of the soil causing soil degradation. Multi-date AWiFS data from Resourcesat 1 and 2 satellites acquired between October 16, 2013 to November 26, 2013 were used for estimating paddy stubble burning areas at different intervals for the year 2013 crop growing season. In season collected ground truth data using hand held GPS along with field photographs were used to identify paddy stubble burning areas and other land features. Complete enumeration approach and Iterative Self-organizing Data Analysis Technique (ISODATA) unsupervised classifier was used for digital analysis. Normalized Difference Vegetation Index (NDVI) of each date was also used with other spectral bands of temporal images. To improve the classification accuracy the non-agricultural areas were masked out. The area was estimated by computing pixels under the classified image mask. Progress of paddy stubble burning was estimated at different intervals for the year 2013 using available cloud free multi-date IRS-P6 AWiFS data to identify the crucial period when stubbles burning takes place in major area so that preventive measures can be taken to curb the menace.
INTRODUCTION
The burning of crop residues in fields is one of the most significant activities of global biomass burning (excluding biofuels ; Streets et. al., 2003) , and contributes substantially to air pollution. This is particularly true for the treatment of rice straw in Asian countries, where more than 1.2 million km 2 of land is used to grow rice, accounting for 60% of rice production worldwide. After harvesting, the waste rice straw is frequently burned in the open in regions with insufficient time before planting the next crop to remove and dispose of it in a more controlled manner, such as in a furnace or by using another closed burning technique (Calvo et. al., 2011) . Almost 90-95% of Paddy area in Punjab, Haryana and Western UP is under intensive Rice-Wheat-System (RWS) Ladha, et. al., 2000) . RWS in Haryana is mostly concentrated in the north-eastern and north-western part of Yamuna and Ghaggar flood plains occupying 9.16 lac hectares, which is 24.75% of the total agricultural area of the state (Panigrahy et. al., 2008) . Mechanized combine harvesting technologies, which have become common in RWS in India, leave behind large quantities of straw in the field for open burning of residue. The burning of rice residue emits GHG emissions as carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O), pollutants as carbon monoxide (CO), particulate matter (PM), and toxic as polycyclic aromatic hydrocarbons (PAHs) due to the incomplete combustion process (P.M. Lemieux et. al., 2004and F. Duan et. al., 2004 .The emissions of CH 4 , CO, N 2 O, and NO x have been estimated to be about 110, 2306, 2 and 84 Gg respectively, from rice and wheat straw burning in India in the year 2000 (Gupta, et. al., 2004) . Residue burning causes nutrient and resource loss and adversely affects soil properties, thus calling for improvement in harvesting technologies and sustainable management of RWS. As per one study nearly 5504 sq. km. of wheat crop area and 12685 sq. km. of rice crop area was burnt during 2005 in Punjab state (Badarinath, et. al., 2006) . Burning of crop residue leaves black coloration of the field which can be picked up and assessed by remote sensing. Such attempt has been made for Punjab using course resolution AWiFS satellite data for the year 2005 (Badrinath et.al., 2006) . However, they have used a single date satellite data for both the seasons. Techniques of Remote sensing (RS) based crop discrimination and area estimation including single date approach based on maximum likelihood classification as well as hierarchical classification has been developed in India (Dadhwal et, al., 2002) . As residue burning and ploughing the fields is a gradual process, all burning areas may not be picked up in the single date imagery. Singh et. al., (2009) investigated the use of multi-sensor characteristics for the accurate assessment of crop residue burnt areas at regular interval for two districts of Punjab. Temporal LISS-III, LISS-IV, MODIS and AVHRR data of pre-burning and post burning stages have been used in the quantitative estimation of burnt areas (Singh et. al., 2009) . The multi-temporal image difference technique using three different indices (NDVI, NBR and GEMI3) were used to identify crop stubble burnt areas. Moderate resolution LISS-III data was found to be useful for accurate estimation of burned surface. Area estimation of burnt paddy stubbles for major paddy growing districts of Haryana was attempted by Yadav et. al., (2013 0 40'E longitudes, were selected for the study as they contribute more then 84%) of the paddy stubble burning areas in the state (Figure 1 ). The geographical area of these ten districts is 1574, 2538, 2702, 2317, 2520, 1530, 1268, 4277, 2122 In season ground truth was collected using the handheld GPS along with the field photographs, twice during second fortnight of October and first fortnight of November, 2013. This ground truth information was used for the identification of the stubble burnt areas of rice, associated crops and land features during digital classification of satellite data.
Digital Data Analysis
Digital image analysis was carried out using Geomatica, ERDAS Imagine and ArcGIS software packages using complete enumeration approach. Details of the steps involved in digital analysis are described elsewhere (Anonymous, 1990 and Patel et al., 1993 , Yadav et.al., 2014 .
Figure 1. Location Map of Study Districts
This Geo-tiff image data was imported to image format using ERDAS Imagine software package and later on exported to pix format using Geomatica software package. The temporal images prepared were used for digital analysis using complete enumeration approach. In complete enumeration approach the administrative boundary of the project districts were superimposed on the geo-referenced image and all the data elements (pixels) within this were extracted for further classification etc. (Figures 2). Such a procedure has been successfully used for wheat (Dadhwal and Parihar, 1985) , (Kalubarme et. al., 2004) , rice (Kalubarme & Vyas, 1990) , Oilseeds (Sharma et.al., 1991) , Sugarcane (Saroha et.al.,1999) , for Saanthi Paddy (Hooda et.al, 2008) and for Burning wheat/paddy stubble (Yadav et. al., 2013 & 14) in the past. Normalized Difference Vegetation Index (NDVI) was computed for each date of satellite data and used during analysis along with spectral bands. NDVI was scaled up by multiplying with 100 and adding 100 to obtain range from 0 to 200 (Panigrahy et. al., 2004) . To round off the NDVI values 0.50 was added. The NDVI was computed as follows: NDVI = NIR -R / NIR + R * 100 + 100+ 0.5
Unsupervised classification based Iterative Self-organizing Data Analysis Technique (ISODATA) Clustering approach was used and classes of interest were identified using ground truth information and field photographs. To improve the accuracy, mask of non-agricultural classes (Figure 2 ) and NDVI was generated and used during classification. The burnt stubbles, associated crops and other land features were identified using ground truth data. The mask of mixed classes was prepared and image under the mask was reclassified to segregate the burnt
stubble from associated land features. A combined mask was prepared from multi phased classified images. The area of the mask out images was classified and per cent burnt stubbles area was computed. 
RESULTS AND DISCUSSIONS
Sowing/planting of paddy in Haryana takes place during June to July and harvested during from first fortnight of October to first fortnight of November. As the fields are immediately required for the sowing of next crop the farmers have easy way out to go for burning of stubble in the field. District wise paddy stubble burning area of the districts at different intervals for the year 2013 are given in Table 2 The area estimates are based on the available satellite data and the burnt rice stubble area available on the image between October 16 to November 26, 2013. As the satellite data of paddy harvesting season were not available between October 01 to 14 and November 02 to 11, 2013 due to cloudy conditions, it may be possible that the paddy stubble burning area of the period may have been re-sown for rabi crops and not picked on the satellite images. Therefore, we apprehend slight underestimation of the paddy stubble burning area in the study. 
CONCLUSIONS
It was observed that in season multi-date LISS-3 data is useful for the acreage estimation of burnt paddy stubble at district level. In the present study due to non availability of multi-date cloud free LISS-III digital data, in season multi-date AWiFS data was were used. The data were found to be useful due to its better temporal resolution. As the satellite data of paddy harvesting season are not available between October 01 to 14 and November 02 to 11, 2013 due to cloudy conditions, it may be possible that the burnt area of the period may be resown for rabi crops and not picked on the satellite images of the later date. Consequently there could be little under estimation in paddy stubbles burnt area progress of paddy stubble burning takes place during the period was not monitored. More frequent satellite data availability is required for such studies. Regular monitoring of paddy stubble burning area using satellite data is required for controlling the menace of crop stubble burning in open fields and to monitor the effect of campaign against the dangerous practice.
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